This study aimed to investigate the prognostic difference between AUTOPULSE and LUCAS for out-of-hospital cardiac arrest (OHCA) adult patients.
Introduction
The 2 recently used mechanical CPR devices are AUTOPULSE (AutoPulse Resuscitation System Model 100, ZOLL, CA) and LUCAS (LUCAS TM 2 Chest Compression System, JOLIFE AB Inc., Lund, Sweden). AUTOPULSE has a cardiac and thoracic pump mechanism. [1] A load-distributing band consists of a cover plate and 2 bands integrated with a compression pad with a Velcro fastener. Attached to a platform under the patient, the band is automatically adjusted to the patient and provides compressions to the patient's chest in the region of the heart. [2] By contrast, LUCAS has a cardiac pump mechanism. [1] A back plate is positioned underneath the patient as a support for the external chest compressions. An upper part with a suction cup is attached to the back plate through a claw lock on each side. This suction cup is positioned on the sternum and is capable of active decompression. [3] Unlike manual CPR that has a cardiac pump mechanism alone, the thoracic pump of AUTOPULSE and the active decompression of LUCAS are added in these mechanical CPR devices. Adding these unique mechanisms is deemed to enhance CPR quality compared with manual CPR. Therefore, mechanical CPR using AUTOPULSE and LUCAS could be associated with an increased rate of ROSC. [4] However, several previous studies reported that the use of mechanical CPR devices was highly associated with post-mortem complications such as visceral injury or rib fracture during CPR. AUTOPULSE has a high incidence of pneumothorax and hematoma. [5] In addition, LUCAS has a high probability of sternum and rib fracture. [6, 7] In a recent study by Khan et al, the survival and post-mortem complications between AUTOPULSE and LUCAS were assessed indirectly using a Bayesian network meta-analysis. [8] The study reported no significant differences in survival at hospital discharge or 30 days between AUTOPULSE and LUCAS. In the comparison of post-mortem complications, AUTOPULSE showed a higher incidence of pneumothorax and hematoma and an equal incidence of rib or sternum fracture to LUCAS. [5] [6] [7] Obtaining large samples or permission from arrest patients during CPR remains difficult when performing well-designed studies or randomized controlled trials for a direct comparison. Thus, we compared AUTOPULSE directly with LUCAS using nationwide observational studies. This study aimed to assess the efficacy of in-hospital use of AUTOPULSE and LUCAS in adult OHCA patients.
Methods

Study design and settings
This work is a population-based retrospective observational study using nationwide data from the Out of Hospital Cardiac Arrest Surveillance (OHCAS) conducted by the Korean Centers for Disease Control and Prevention (KCDC) from January 2012 to December 2016. OHCAS was performed in the 17 provinces of Republic of Korea. The local ethics committee approved this study in 2019 (Kangnam Sacred Heart Hospital Institutional Review Board; IRB No. 2019-01-016), and informed consent was not wavered. The KCDC approved the use of this data in this study.
Population
A total of 142,905 out-of-hospital cardiac arrest (OHCA) patients between January 2012 and December 2016 were obtained. This study included all adult patients (older than 18 years of age) who survived to hospitalization and received inhospital cardiopulmonary resuscitation by mechanical CPR devices after prehospital manual CPR by emergency medical technicians (EMT), AUTOPULSE, or LUCAS for more than 20 minutes in the emergency room. The exclusion criteria were as follows: trauma related, dead on arrival (DOA), pre-hospital ROSC, do not resuscitate (DNR), transfer out from emergency room, age of less than 18 years, and patients who received manual CPR. Pre-hospital ROSC was excluded in this study because our aim was to evaluate the effect of in-hospital use of mechanical CPR device on outcome of OHCA patients. Trauma patients were excluded from this study because traumatic OHCA has a different pathophysiology and usually require various interventions in contrast to OHCA of medical causes. [9] Furthermore, mechanical CPR could be contraindicated in traumatic OHCA, especially caused by thoracic trauma injuries. [10] These exclusions were meant to reduce heterogeneity in the population while maintaining generalizability to most patients with sudden cardiac arrest. Other well-designed studies also excluded trauma patients for these reasons. [9, 10] 
Variables
Information on individual factors (age, sex), initial monitored rhythm (shockable vs non-shockable), etiologic factors (cardiac vs non-cardiac), witnessed cardiac arrest, bystander CPR, target temperature management (TTM), percutaneous coronary intervention (PCI), extracorporeal membrane oxygenation (ECMO), pacemaker, and mechanical CPR devices (AUTOPULSE vs LUCAS) were collected. Shockable rhythm was defined as ventricular fibrillation and pulseless ventricular tachycardia. Arrest cause of cardiac origin was defined as failure of cardiac function, such as cardiac tamponade, ischemic heart diseases, arrhythmias, or cardiac cause suspected for unanticipated arrest patients. TTM included both external and intravascular cooling devices. PCI included ballooning and primary stenting. Pacemaker refers to the insertion of a temporary or permanent pacemaker. The appliance of external cardiac pacemaker was not included.
Outcome measures
The primary outcome measures were sustained ROSC for more than 20 minutes in the hospital and survival to hospital discharge.
Statistical analysis
Data analyses were performed using the R version 3.3.2 (http:// www.web-r.org) software. Descriptive statistics were used to describe the baseline characteristics of the study participants and to present the categorical variables as frequencies and percentages. Non-normally distributed data are presented as medians with interquartile ranges. In the univariate analysis, the Mann-Whitney U test was used for comparing the continuous variables and the chi-square or Fisher exact test for the categorical variables. A propensity-score matching (PSM) analysis was performed to adjust the possible confounding factors. To identify the predictors of the outcomes, the effect of statistically significant covariates after PSM was evaluated by adjusted odds ratios from the multivariate logistic regression of stepwise backward elimination. A P value of less than .05 was considered statistically significant.
Result
Patient characteristics
Among the 142,905 OHCA patients, the following were excluded: trauma patients (n = 35,932), DOA patients (n = 43,751), pre-hospital ROSC (n = 5807), DNR patients (n = 3846), patients younger than 18 years (n = 1076), and patients transferred out from the emergency room (n = 30). Of the remaining 52,463 OHCA patients, the additional exclusion of manual CPR (n = 19,045) and missing data (n = 32,598) was conducted. The remaining enrolled adult OHCA patients who received in-hospital mechanical CPR by AUTOPULSE (n = 671) or LUCAS (n = 149) accounted for 820 ( Fig. 1 ). This whole group was then divided into two subgroups: the group of witnessed patients [AUTOPULSE (n = 422) and LUCAS (n = 95)] and the group of unwitnessed patients [AUTOPULSE (n = 249) and LUCAS (n = 54)]. These 3 groups underwent 1:1 PSM and a multivariable logistic regression analysis to identify the independent predictors of good outcomes. 
All OHCA patients: AUTOPULSE vs LUCAS
Unmatched univariate analysis revealed that PCI and ECMO were significant confounders (P = .009; P = .015, respectively; Supplementary Table 1 , http://links.lww.com/MD/D336). After adjusting these confounders by performing PSM, all of the confounders were fully adjusted. LUCAS showed a lower survival than AUTOPULSE (P = .046) and an equal ROSC to AUTO-PULSE (P = .314) ( Table 1) . After a multivariate logistic regression analysis by stepwise backward elimination, female (odds ratio (OR), 0.57; 95% confidential interval (CI), 0.33-0.99), witnessed arrest (OR, 2.10; 95% CI, 1.20-3.69), and arrest cause of non-cardiac origin (OR, 0.25; 95% CI, 0.10-0.62) were found to be significantly associated with increased ROSC. LUCAS showed a lower survival than AUTOPULSE (OR, 0.23; 95% CI, 0.06-0.84) and showed no significant association with ROSC. PCI (OR, 6.30; 95% CI, 1.53-25.95) and TTM (OR, 7.30; 95% CI, 2.27-23.49) were independent factors for survival to discharge ( Table 2 ).
Witnessed OHCA patients: AUTOPULSE VS LUCAS
Unmatched univariate analysis revealed that PCI and ECMO were significant confounders (P = .032; P = .014, respectively; Supplementary ROSC and survival to LUCAS confounders (P = .756; P = .172, respectively; Table 3 ). After a multivariate logistic regression analysis by stepwise backward elimination, female (OR, 0.46; 95% CI, 0.24-0.89) was found to be associated with ROSC. Shockable rhythm (OR, 5.04; 95% CI, 1.00-25.30), PCI (OR, 12.42; 95% CI, 2.04-75.53), TTM (OR, 9.03; 95% CI, 1.86-43.78) were independently associated with survival. LUCAS showed no difference with AUTOPULSE in both ROSC and survival to discharge (Table 4 ).
Unwitnessed OHCA patients: AUTOPULSE vs LUCAS
Unmatched univariate analysis revealed that bystander CPR was a significant confounder (P = .008; Supplementary Table 3 , http:// links.lww.com/MD/D339). After adjusting this confounder by performing PSM, all of the confounders were fully adjusted. AUTOPULSE showed an equal ROSC and survival to the LUCAS confounders (P = 1.000; P = 1.000, respectively; Table 5 ).
After a multivariate logistic regression analysis by stepwise backward elimination, no single factor was found to have a significant influence on ROSC. TTM (OR, 99.00; 95% CI, 8.9-1100.62) was independently associated with survival. LUCAS showed no difference with AUTOPULSE in both ROSC and survival to discharge ( Table 6 ).
Discussion
Mechanical CPR devices are introduced as probable alternatives to manual CPR. Theoretical advantages of mechanical CPR make them attractive. Relieving rescuer fatigue, consistent and reliable chest compression are the main advantages. [11] However, studies are still yet conflicting, with some proving disadvantages and lack of clinical benefit of mechanical CPR. Some drawbacks of mechanical CPR are pneumothorax, rib fracture, and visceral injuries. [5] [6] [7] Despite its inability to replace manual CPR, [12] studies are continuously progressing and several types of mechanical CPR devices have been proposed. [13, 14] However, there have been no direct comparative randomized control trials or nationwide studies so far between LUCAS and AUTOPULSE. Only a recent systematic review by Khan et al. indirectly compared LUCAS with AUTOPULSE using a Bayesian network meta-analysis. [8] In the study of Khan et al, only patients from Europe, the United States, and Canada were included, and patients from Asia were excluded. To secure wide representation and to reach a robust conclusion on the efficacy of mechanical CPR devices, nationwide studies in Asia, such as our study, should be conducted. [5, [15] [16] [17] [18] [19] [20] Our study is the first to directly compare LUCAS with AUTOPULSE using nationwide data. This study also demonstrated that LUCAS showed a lower survival of all arrest patients in South Korea than AUTOPULSE, although it showed no significant association with ROSC in CPR. Therefore, we could assume that the in-hospital use of LUCAS could have a deleterious effect on survival compared with AUTOPULSE.
This deleterious result of LUCAS may be related to patients' age and chest configuration, as these factors may be associated with the cardiac pump only mechanism of LUCAS during CPR. [1, 21] In old-age patients with increased anterior-posterior chest diameters, the so-called "barrel chests," the cardiac pump mechanism alone may be insufficient. [1] By contrast, the thoracic pump mechanism of AUTOPULSE can increase the intra-thoracic pressure in barrel chests, generating forward blood flow from the heart. [22] We assumed that the high proportion of elderly patients in this study (69.7% of over 60 years of age) was associated with a high proportion of barrel chests, which could benefit from AUTOPULSE. This outcome may be attributed to the better prognosis of AUTOPULSE.
We also found several prognostic factors related to good prognosis. Non-cardiac origin arrest cause, female patients, and witnessed arrest were associated with increased ROSC. (Table 2) As cardiac origin included presumed cardiac cause not fully diagnosed, it was inappropriate as a standard for subgroup analysis. In some previous studies, witnessed arrest was reported to be a good prognostic factor in OHCA patients. [23] [24] [25] Thus, we performed a subgroup analysis for the witnessed and unwitnessed .006 aOR = adjusted odds ratio, CI = confidence interval, CPR = cardiopulmonary resuscitation, N/A = not available, PCI = percutaneous coronary intervention, ROSC = return of spontaneous circulation, TTM = target temperature management. * Calculated by multivariate logistic regression (stepwise backward elimination) † Compared with AUTOPULUSE; the use of LUCAS was not selected as a factor in the final logistic regression model. subgroups. In witnessed subgroup, female was found to have significant influence on ROSC. Shockable rhythm, PCI, and TTM were associated with survival. In unwitnessed subgroup, TTM was independently associated with survival. LUCAS showed no difference with AUTOPULSE in both subgroups. Significant prognostic factors from this study differed from other former studies. [23] [24] [25] [26] [27] [28] [29] In one study of 1528 witnessed arrest patients, [25] the researchers found that gender, age, public location, and shockable rhythm were significantly associated with survival to hospital discharge In our study, however, shockable rhythm, PCI, and TTM were significantly associated with survival. We suspected that this difference was due to the former study lacking in-hospital procedures data such as PCI and TTM, which have been known to be important prognostic factors. [25] [26] [27] 29] Other reasons for different risk factors are such as PSM not performed in former studies and discrepancy in the EMS systems including ACLS. [23] [24] [25] [26] [27] [28] [29] No-flow time and low-flow time were also important factors in the outcome of cardiac arrest patients. [11, 30] No-flow time is defined as the time during which no chest compression occurs. [31] Low-flow time is defined as time with active CPR by a bystander or a medical provider. [32] However, flow time of OHCA was not provided from the raw data of the Out-of-Hospital Cardiac Arrest Surveillance (OHCAS). Nevertheless, we categorized mechanical CPR recipients by witness (witnessed vs unwitnessed) to consider indirectly the effect of no-flow time because witnessed OHCA patients were more likely to have shorter no-flow time than unwitnessed OHCA patients. But in this study, we could not reflect the effect of low flow time on outcome of OHCA patients by categorizing by witness because the raw data did not provide ROSC time of OHCA patients. The outcome of OHCA treated with mechanical CPR in this study could be changed if no flow time or low flow time were to be identified.
Limitations
This study has some limitations.
First, the issues of selection bias remained in the comparison between LUCAS and AUTOPULSE. This comparison was not prospectively randomized because of the nature of retrospective observational study. In addition, the differences in medical systems among various medical facilities could have affected the outcomes. If this study was performed in other countries or races besides South Korea, the results would not be similar to those of this study. Even if the appropriate statistical method, such as score matching, was applied to control the confounders, the original bias could not be removed. Thus, the results of this comparative study should be cautiously interpreted considering the occurrence of bias.
Second, the important confounders were not fully adjusted. In the raw data from the OHCAS, the underlying medical condition of patients or the severity score (e.g., Acute Physiology and Chronic Health Evaluation) was not included. Patient's underlying disease, hemodynamic status, laboratory findings and mental status were not provided. Previous well-designed studies also did not provide information on these confounders. [8] Nevertheless, we consider the difference in these confounders between mechanical CPR devices to affect the outcomes of this study.
Third, only the short-term outcome was measured in this study. To compare LUCAS with AUTOPULSE in a more precise manner, a long-term functional outcome will be necessarily in future studies.
Fourth, the effect of pre-hospital manual CPR could not be measured quantitatively for LUCAS or AUTOPULSE. The differences in CPR duration, expertise, or number of EMT between both groups could cause an imbalanced manual CPR effect on outcome, which could have occurred in this study.
Conclusion
The in-hospital use of LUCAS may have a deleterious effect on survival compared with AUTOPULSE. Nevertheless, these results should be cautiously interpreted considering the possible bias. Further nationwide studies are needed to measure longterm outcome and should also include the in-hospital data of patients.
